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In past RAN2 meetings, the following agreements regarding UP transmission had been achieved for small data transmission in NR [1][2]:
	Agreements: 	
1. Small data transmission is configured by the network on a per DRB basis. 
2. Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume. 
FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT.
3. For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 	
· MAC is reset and default MAC cell group configuration is released. 	
· RLC entities for SRB1 are re-established. 	
· SRBs and DRBs are suspended except SRB0. 
4. For both RACH and CG based solutions, upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1). FFS for non-SDT DRBs . FFS on implicit vs. explicit .  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report. 	
5. The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message): 	
· CCCH message (needs to be included) 
LCP can be used to determine to priority of the content below that may be included 	
· DRB data from one or more DRBs which are configured by the network for small data transmission 	
· MAC CEs – (e.g. BSR). FFS other MAC CEs 	
· Padding bits 
FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume. 		


In this contribution, we would like to provide our views on UP transmission in NR SDT in terms of:
· L2 UP architecture; 
· SDT triggering; 
· Handling of new data arrival;
· Network verification.
Discussion
L2 UP architecture
According to TS 38.300 [3], figure 1 below shows the protocol stack for the user plane (UP) transmission, where SDAP, PDCP, RLC, and MAC sublayers perform the main functions listed as below:


Figure 1: User Plane Protocol Stack
SDAP Sublayer:
-	mapping between a QoS flow and a DRB for both DL and UL;
-	marking QoS flow ID in both DL and UL packets;
-	reflective QoS flow to DRB mapping for the UL SDAP data PDUs.
PDCP Sublayer:
-	transfer of data (user plane or control plane);
-	maintenance of PDCP SNs;
-	header compression and decompression using the ROHC protocol;
-	header compression and decompression using the EHC protocol;
-	ciphering and deciphering;
-	integrity protection and integrity verification;
-	timer based SDU discard;
-	for split bearers and DAPS bearer, routing;
-	duplication;
-	reordering and in-order delivery;
-	out-of-order delivery;
-	duplicate discarding.
RLC Sublayer:
-	Transparent Mode (TM);
-	Unacknowledged Mode (UM);
-	Acknowledged Mode (AM).
MAC Sublayer
-	mapping between logical channels and transport channels;
-	multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-	scheduling information reporting;
-	error correction through HARQ (one HARQ entity per cell in case of CA);
-	priority handling between UEs by means of dynamic scheduling;
-	priority handling between logical channels of one UE by means of logical channel prioritization;
[bookmark: _Hlk5951748]-	priority handling between overlapping resources of one UE;
-	padding.
To realize the UP data transmission in the NR SDT procedure, the above-mentioned functions of each sublayer might need to be supported for different use cases. However, considering the UE complexity and the limited mobility function for RRC INACTIVE state, we think there are some legacy NR functions that may not be applicable for NR SDT. In the following sub-clauses, we are going to provide our understanding of L2 UP functions for NR SDT.
2.1.1 SDAP 
For the SDAP layer, basically, we think all the legacy functions should be supported for NR SDT. For example, the SDAP layer should be responsible for mapping QoS flows within a PDU session to SDT-DRB and for mapping between a QoS flow and an SDT-DRB for both DL and UL. Regarding the reflective QoS function, maybe there is a need to take it in NR SDT.
Proposal 1: Rel-15 NR SDAP functions are supported for NR SDT. 
2.1.2 PDCP
In legacy NR, the PDCP layer generally takes charge of security (e.g. (de)ciphering and integrity verification), header (de)compression, data delivery in order, PDCP status reporting, and duplication. Considering that security has been activated upon triggering the NR SDT procedure, we think a security function is needed. Also, the UE might receive DL UP data of small size during the subsequent transmission stage in the NR SDT procedure, supporting header (de)compression is beneficial. Further, in NR, the RLC may deliver UP data out-of-order due to HARQ retransmission, it is necessary to support data delivery in order given that the UP data can be TCP traffic. At last, when it comes to PDCP status reporting and duplication, we think the former one is supposed to be supported for loss-less handover when AM-DRBs configuration is changed while the latter is for CA/DC case. For NR SDT procedure in RRC INACTIVE state, for simplicity, we don’t see the need to support loss-less SDT across two different cells or resume CA/DC configuration in RRC INACTIVE state. Therefore, we think the PDCP status reporting and duplication function are not applicable to the NR SDT procedure.    
Proposal 2: Rel-15 NR PDCP functions except PDCP status reporting and duplication are supported for NR SDT.  
2.1.3 RLC
Naturally, we think all TM, UM, and AM modes can be supported for NR SDT.
Proposal 3: RLC-TM, RLC-UM, and RLC-AM modes are supported for NR SDT.  
2.1.4 MAC
Similar to the MAC functions used for UP transmission in RRC CONNECTED state, we think all the legacy MAC functions are needed for NR SDT.
Proposal 4: Rel-15 NR MAC functions are supported for NR SDT. 
SDT triggering
[bookmark: _GoBack]In the last RAN2 meeting, two FFS issues related to SDT triggering are left. 
The first one is how to calculate the data volume when determining whether SDT should be initiated. In fact, in the standardization process of LTE MO-EDT, the same question has been also discussed. According to the following quoted agreement achieved in RAN2#101 meeting [4], we can know that the size of  MAC/RLC/PDCP/RRC overhead is taken into account when determining whether the total data size has exceeded the configured data volume threshold.   
	Agreements
- Protocol overhead (MAC/RLC/PDCP/RRC) for EDT is assumed to be 25 bytes for TBS evaluations.
- The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.


Considering that the objective and use case between NR SDT and MO-EDT are quite similar or already about the same, thus, we think the LTE data volume calculation rule can be reused for NR SDT.
Observation 1: In MO-EDT, the size of MAC/RLC/PDCP/RRC overhead is taken into account when determining whether the total data size has exceeded the configured TBS threshold.
Proposal 5: The size of MAC/RLC/PDCP/RRC overhead should be considered for data volume calculation in NR SDT.
The other FFS issue is that whether an SDT-specific RSRP threshold is further used to determine SDT triggering. In Rel-16, an RSRP threshold is introduced for the selection between 2-step RA type and 4-step RA type given the fact that the MsgA PUSCH transmission usually is less robust than Msg3 PUSCH. We think this logic is also applied for the selection between SDT and non-SDT. Specifically, the payload size (e.g. minimum 320 bits for MO-EDT) for NR SDT is much larger than that for initial access (e.g. 56 bits). It is reasonable to introduce an additional RSRP threshold for the SDT trigger. This will help to increase the ratio of successful transmission in NR SDT. Thus, we propose:
Proposal 6: An additional SDT specific RSRP threshold is further used to determine whether the UE can initiate NR-SDT.
In the next step after triggering SDT, we need to consider the selection between RRC-based SDT and RRC-less SDT. Note that the term “RRC-less SDT” is referred as to the RRC-less CG SDT procedure where neither transmitting nor receiving is needed, as per our analysis in our companion paper [5]. Since the selection is made between RRC-based solution and RRC-less solution, we think it should be done by the RRC layer. Specifically, the NR RRC layer can first determine whether the conditions for initiating RRC-less CG SDT procedure are satisfied. This is because the RRC-less CG SDT mode is the most efficient and optimum. If so, the RRC layer will indicate the MAC layer to perform SDT on the CG resource after resuming the corresponding SDT-DRB(s) and establishing the AS security. Otherwise, the NR RRC layer can secondly initiate RRC-based SDT procedure, performing the RRC connection resumption procedure and delivering the RRC message to the MAC layer.  
Proposal 7: The selection between RRC-less CG-SDT and RRC-based SDT is done at the RRC layer.
Proposal 8: UE should give priority to RRC-less CG-SDT over RRC-based SDT. 
Handling of new data arrival
In the previous RAN2 meeting, the corresponding UE behavior upon new UL traffic arrives (either for the SDT-DRBs or non SDT-DRBs) has been warmly discussed. Some companies think that the UE shall immediately fallback to the legacy RRC resumption procedure, entering RRC CONNECTED to transmit all the pending data. While some companies hold a view that the UE should be allowed to report BSR for the data belonging to a non-SDT DRB, which is not resumed. Here, we would like to provide our understanding of this FFS issue. 
Firstly, to limit the potential spec impact and UE complexity, we think the MAC will neither trigger BSR for the non SDT-DRBs nor resumed the non SDT-DRBs.
Proposal 9: RAN2 confirms that UE does not resume non SDT-DRBs during the NR SDT procedure. 
Further, for RA-SDT, take the following figure 2 as an example,
1) After triggering RA-SDT but before Msg3 transmission, 
a) if there is newly arrived data (e.g. data 2 as depicted in figure 2) from SDT-DRBs, BSR can be performed if the TBS of the RAR grant is not sufficient to accommodate all the data. If the total data volume is too large, the NW can transit the UE into RRC CONNECTED. Alternatively, the NW can adopt a proactive UL grant allocation scheme during the subsequent transmission stage. In conclusion, everything works well. 
b) if there is new data arrival (e.g. data 2 as depicted in figure 2) from non SDT-DRBs, we think the NAS layer by implementation can be aware of the on-going RA-SDT procedure and may again trigger the resumption of the RRC connection. For simplicity, we think it is up to UE implementation whether to continue with the ongoing RA-SDT procedure or start with the legacy resume procedure.
2) During the time after the UL transmission on Msg3 but before successful contention resolution, 
a) if there is newly arrived data (e.g. data 3 as depicted in figure 2) from SDT-DRBs, BSR will be triggered. However, due to the lack of SR and further UL grant, the MAC entity shall trigger another RA procedure. Then it is up to UE implementation whether to continue with the ongoing RA procedure or start with the new RA procedure, according to the current MAC spec.
b) Same as 1) b). 

3) During the time after successful contention resolution, 
a) if there is newly arrived data (e.g. data 4 as depicted in figure 2) from SDT-DRBs, BSR will be triggered. However, due to the lack of SR and further UL grant, the MAC entity shall trigger the RA procedure for BSR since the previous RA procedure has been completed. In this case. we think it is not reasonable to always request the UE to trigger the new RA procedure at this moment, considering that the NW may schedule a UL grant for the retransmission of the previously transmitted data. Otherwise, the HARQ buffer will be flushed, data lose becomes another issue. Thus, we think further UE behavior upon BSR trigger for SDT DRBs can be left up to UE implementation (e.g. completing the current RA-SDT procedure and triggering another RA-SDT for the new SDT DRB data, completing the current RA-SDT and triggering the legacy resume procedure, and so on).
b) Same as 1) b). 


Figure 2: New data arrival during RA-SDT procedure
Next, for CG-SDT,
a) if there is newly arrived data from SDT-DRBs, considering that the type-1 CG resources are periodic, we think the triggered BSR will no longer initiate SR since there will be available UL-SCH resource later after CGT expires. Then the UE can report the BSR on the next available CG resource. Alternatively, the UE may autonomous abort the current CG-SDT procedure and instead trigger the legacy resume procedure by implementation.
b) if there is new data arrival from non SDT-DRBs, we think the NAS layer by implementation can be aware of the on-going CG-SDT procedure and may again trigger the resumption of the RRC connection. For simplicity, we think it is up to UE implementation whether to continue with the ongoing RA-SDT procedure or start with the legacy resume procedure. 
Based on the detailed analysis given above, we propose that if further data arrives while there is an ongoing SDT procedure, then the UE behavior is not defined (e.g. no spec functional impact).   
Proposal 10: If further data arrives while there is an ongoing SDT procedure, whether to continue with the ongoing SDT procedure or start with legacy resume procedure is up to UE implementation.
Network verification 
According to the SA3 input for the INACTIVE data transmission mechanism in Rel-14 [6], we can know that the UE needs to authenticate the network in the following cases:
· Scenario 1: same cell (as it was previously connected).
· Scenario 2: same PDCP entity (e.g. PDCP entity does not need to be relocated).
· Scenario 3: different cell and the cell is “covered” by a different PDCP entity (e.g. PDCP relocation is required).
In other words, network verification needs to be done before the subsequent DL transmission in all kinds of NR SDT procedure. In the current 5G system, although the RRC Release is transmitted with integrity protection, the integrity protection (i.e. PDCP MAC-I) for UP data is optional. Therefore, for the case where integrity protection for SDT-DRB is not available, the NW should guarantee that the DL UP data will not be transmitted prior to the transmission of authentication information.      
Proposal 11: In NR SDT, the UE does not expect to be scheduled a DL UP data without integrity protection before scheduling for network verification information  
Conclusions
[bookmark: _Toc502437832]In this contribution, we have provided our understanding on UP transmission. The following observation and proposals are made:
L2 UP architecture:
Proposal 1: Rel-15 NR SDAP functions are supported for NR SDT. 
Proposal 2: Rel-15 NR PDCP functions except PDCP status reporting and duplication are supported for NR SDT.  
Proposal 3: RLC-TM, RLC-UM, and RLC-AM modes are supported for NR SDT.  
Proposal 4: Rel-15 NR MAC functions are supported for NR SDT. 
SDT triggering:
Observation 1: In MO-EDT, the size of MAC/RLC/PDCP/RRC overhead is taken into account when determining whether the total data size has exceeded the configured TBS threshold.
Proposal 5: The size of MAC/RLC/PDCP/RRC overhead should be considered for data volume calculation in NR SDT.
Proposal 6: An additional SDT specific RSRP threshold is further used to determine whether the UE can initiate NR-SDT.
Proposal 7: The selection between RRC-less CG-SDT and RRC-based SDT is done at the RRC layer.
Proposal 8: UE should give priority to RRC-less CG-SDT over RRC-based SDT. 
Handling of new data arrival:
Proposal 9: RAN2 confirms that UE does not resume non SDT-DRBs during the NR SDT procedure. 
Proposal 10: If further data arrives while there is an ongoing SDT procedure, whether to continue with the ongoing SDT procedure or start with legacy resume procedure is up to UE implementation.
Network verification:
Proposal 11: In NR SDT, the UE does not expect to be scheduled a DL UP data without integrity protection before scheduling for network verification information  
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